Belle II is an upcoming experiment at the next generation SuperKEKB e + e − collider. It will record about 50 ab −1 of data mostly at the ϒ(4S) resonance. The high statistics will allow precision measurements for rare decays, which can be then compared with the Standard Model predictions in order to search indirectly for new physics. We present the prospects for rare decay studies at Belle II.
Introduction
B-factories had a successful operational period with a total recorded sample of over 1.5 ab −1 of data corresponding to 1.2 × 10 9 B-meson pairs. As a next generation B-factory, the Belle II experiment will search for new physics (NP) beyond the Standard Model (BSM). The Belle II detector will be located at the upgraded SuperKEKB e + e − asymmetric collider. It will record most of its data at the ϒ(4S) resonance, which gives a very clean sample of quantum correlated B-meson pairs. Belle II is expected to increase the data-sample size by a factor of 50 compared to Belle. The SuperKEKB accelerator has been designed to give an instantaneous luminosity of 8 × 10 35 cm −2 s −1 , which is about 40 times larger than the previous KEKB accelerator. The first data taking run for physics analyses is expected to begin in early 2018. In this proceedings we present the prospects for rare decay studies at Belle II.
Inclusive
The b → (s, d)γ transition is a flavor changing neutral current (FCNC) process forbidden at tree level in the Standard Model (SM) and proceeds via a radiative 'penguin' loop diagram. These types of decays are sensitive to potential contributions from non-SM particles. The NP scenarios can be investigated through a precise measurement of the branching fraction (BF) of the inclusive B → X s,d γ decays. The BF is predicted very precisely in the SM with B sγ = (3.36 ± 0.23) × 10 −4 and B dγ = (1.73
. Recently, Belle measured the BF for B → X s γ process, using a fully inclusive method and the preliminary result (extrapolated for E γ > 1.6 GeV) B sγ = (3.12 ± 0.10(stat.) ± 0.19(sys.) ± 0.08(model) ± 0.04(extrap.)) × 10 −4 is the world's most precise measurement, which is in agreement with the SM prediction as well as previous measurements [2] . Evaluation of the constraint on BSM scenario depends crucially on both the central value and the uncertainties on the BF. The above mentioned Belle result with a fully inclusive method has 7.3% uncertainty and excludes a mass of the charged Higgs boson below 580 GeV at 95% confidence level.
Belle II is expected to reduce the systematic uncertainty in the measurement with its large data sample. Conservatively estimated, 3.9% total error will be achievable with 50 ab −1 ; see the projection plot in Figure 1 (left). This is comparable to the theory uncertainty due to nonperturbative effects (which is hard to reduce) [1] . In addition, at Belle II it will be also possible to measure the BF with E γ > 1.6 GeV, then there won't be any need for extrapolation to compare the results with theoretical predictions. In addition to the BFs, isospin and CP asymmetries in the decay rates are also sensitive to the BSM contributions. The uncertainty on the isospin measurements can be improved at Belle II with more statistics. The SM predicts quite different CP asymmetries for B → X s γ and B → X d γ, however for the sum of these decays it is predicted to be very small (close to zero, due to the unitarity of the CKM matrix). Further, the difference of A CP (B → X s γ) between charged and neutral B mesons (∆A CP ) is sensitive to phases in Wilson coefficients C 7 and C 8 , which is zero. So, if either A CP (B → X s+d γ) or ∆A CP is deviated from zero, it will be a clear NP signal [3, 4] . In asymmetry measurements, most of the systematic errors cancel out, so both will be still statistically dominated at Belle II with 50 ab −1 . The uncertainties in A CP (B → X s+d γ) and ∆A CP are projected to be ±0.61% and ±0.37%, respectively. The Belle II projection plots for A CP and ∆A CP are shown in Figure 1 (right). Studies of these asymmetries are thus considered to be one of the most promising methods to search for the BSM right-handed currents. At Belle II, the vertex detector is larger than at Belle (11.5 cm radius in Belle II cf. 6 cm), which will give 30% more K 0 s with vertex hits. And also, effective tagging efficiency is 13% larger than at Belle (conservative estimation), hence significant improvement in the determination of A CP (t) in B → K [K 0 s π 0 ]γ is expected. The Belle II projection plot for uncertainty in A CP (t) is shown in Figure 2 (left). With the Belle II projected uncertainty, the central value measured by Belle [9] would be 16σ deviation from zero, as shown in Figure 2 (right).
b b b → → → s s s + −
The b → s + − is also an FCNC process, which is sensitive to NP. Owing to lepton universality in the SM, the ratio between the BFs of the electron mode to the muon mode is expected to be unity. LHCb reported 2.6σ deviation of R K (ratio of the BFs between B + → K + µ + µ − and B + → K + e + e − ) from the SM expectation for low q 2 region [10] . Since the reconstruction of electron modes at Belle II is easier than at LHCb and have a comparable efficiency to that for muon modes. The ratios R K , R K and R X S can be measured precisely in Belle II for both low and high q 2 regions. In ratio measurements most of the systematic error cancels out except for lepton identification, which is expected to be about 0.4%. The error will be mostly statistical dominant even with the Belle II data.
Measurement in the inclusive B → X s
+ − channel is theoretically cleaner than the exclusive channels, especially for q 2 region below the charm resonances [11, 12, 13, 14] . The measurements for B → X s + − decays in BaBar [15, 16] and Belle [17] suffer from a sizeable experimental uncertainties. Furthermore, these measurements are based on a sum over several exclusive states, which makes a direct comparison to the theoretical predictions difficult. It is expected from Belle II to improve upon the present situation. Belle has performed the first measurement of the forwardbackward asymmetry (A FB ) in B → X s + − with the sum of several exclusive modes [18] . The A FB is found to be mostly consistent with the theoretical prediction [19] with a mild tension in the low q 2 region. The measurement of A FB can also be improved at Belle II, where the errors are projected to be in order of few % with the 50 ab −1 data.
In order to provide a meaningful insight to the impact of BF and A FB measurements for B → X s + − in Belle II, we look at the potential for model-independent constraints on the relevant Wilson-coefficients derived from inclusive measurements only. Such projection is shown in Figure 3 , considering the Wilson coefficients C 9 and C 10 as the ones potentially receiving relevant NP contributions [20] .
b b b → → → s s sν ν νν ν ν
The b → sνν decays are the theoretically cleanest among the FCNC processes [21] . The BF of the decay B → K ( ) νν is mainly limited by B → K ( ) form factors and relevant CKM matrix elements. The SM predictions are available in Ref. [21] and recently updated in Ref. [22] . Belle very recently updated b → (s, d)νν BF measurement with semileptonic tagging [23] . These decays can be observed with Belle II, assuming the SM prediction holds. Belle II will be able to provide a measurement with uncertainties of similar size as the current theoretical uncertainties.
Summary and Status
Belle II has a rich physics program; both complementary to, and competitive with, the LHCb experiment and energy frontier flavor physics programs. With the more powerful Belle II detector and higher luminosity machine SuperKEKB, we can search with high statistics for NP in radiative and electroweak penguin decays. Accelerator commissioning (phase 1) was successful in June 2016. Phase 2 without vertex detector will start in the end of 2017 and phase 3 with the complete detector is expected in the fall of 2018. The Belle II detector is now mostly installed and currently being commissioned for the phase 2 running.
